Purpose This systematic literature review analysed the change in range of knee flexion from pre-operative values, following conventional posterior stabilised (PS) and highflexion (H-F) PS total knee arthroplasty (TKA). Methods We calculated the weighted mean differences of pre-and postoperative flexion using meta-analysis with random effect modelling. Eighteen studies met our inclusion criteria. These data included a total of 2,104 PS knees that received conventional implants and 518 knees that received H-F implants.
Introduction
The range of flexion of the knee is an important indicator of the postoperative functional outcome of total knee arthroplasty (TKA) and restoration of normal range of flexion is one of the major goals of TKA [1] . The deep flexion capability of the knee is essential to many daily activities, such as getting in and out a bath tub, gardening, etc. [2] . This is particularly true in Asian countries where deep knee flexion involving kneeling or squatting is common [3, 4] . Although the clinical results of TKA are satisfactory with regard to pain relief and overall function, patients rarely achieve flexion beyond 120°after TKA [5] .
Various factors may affect knee flexion after total knee arthroplasty, such as preoperative flexion, gender, body weight, intraoperative variables, postoperative rehabilitation and prosthesis design [6] . Recently, several high-flexion (H-F) TKA implants have been introduced to the market to accommodate high flexion of the knee if patients can achieve high flexion. Patients who wish to return to active lifestyles are usually selected to receive these H-F implants [7] . However, whether H-F TKA designs can help patients to achieve high flexion after TKA is still unclear [8] [9] [10] [11] [12] [13] [14] [15] [16] . Many studies have reported on knee flexion after TKA using either conventional or H-F implants. While there are studies showing that H-F posterior substituting (PS) TKA designs provide greater flexion and better kinematic patterns [8] [9] [10] [16] [17] [18] [19] [20] as compared to the conventional TKA components, there are also studies that found no significant differences in range of motion (ROM) between the H-F and the conventional PS TKAs [11] [12] [13] [14] [15] . Additionally, clinical outcomes are also reported to be similar between the two patient groups [11, 13-15, 19, 20] . There are two systematic review articles that compare the flexion capability of conventional and H-F TKA implants [21, 22] . While one meta-analysis concluded that H-F implant design improves overall range of motion as compared to conventional implant designs [22] , the other systematic review pointed out that there was insufficient evidence of improved range of motion or functional performance after H-F TKAs [21] .
Due to the possible difference in patient selection among different studies, a systematic review or meta-analysis that compares conventional and H-F TKAs with regard to the improvement of the patient's pre-operative flexion range is needed. The objective of this study was to use a metaanalysis approach to examine published data to clarify whether conventional and H-F PS prostheses provide increased range of knee motion relative to patients' preoperative flexion in the Asian and Western populations. We postulated that H-F knee implants would have a significant advantage in terms of enhancing knee flexion when compared to conventional TKAs in both Asian and Western populations.
Materials and methods

Search methods
We performed a computerised search of the electronic databases MEDLINE through Pubmed (1966 to January 2010), EMBASE (1980 to January 2010) and the Cochrane Library (1992 to January 2010). The published literature was searched in all languages with English abstracts, and article retrieval ended on January 22, 2010. The following key words were used in the literature search: "knee arthroplasty, knee replacement" AND "flexion OR range of motion OR ROM" AND "treatment outcome". We reviewed the titles of the studies and the retrieved abstracts to decide if there was a possibility for inclusion in the metaanalysis.
Selection criteria
All identified titles and abstracts were evaluated. All available randomised control trials, nonrandomised trials and observational studies were reviewed. Single case reports, comments, letters, editorials, protocols, guidelines, and review papers were excluded. The reference lists of review papers were appraised for relevant papers not identified by the initial search. Inclusion criteria were:
1. Reports dealing with patients undergoing primary condylar type TKAs, with a traditional PS knee implant and/or a H-F PS knee implant 2. Patients with osteoarthritis and other non-traumatic diseases. Studies which included a wider range of indications were excluded if the proportion of osteoarthritis and other non-traumatic diseases was lower than 85% 3. The minimal follow-up duration was at least one year 4. A single fixed-bearing PS prosthesis design was used 5. Studies reporting maximum preoperative and postoperative knee flexions along with standard deviation or standard error
After reviewing the titles and abstracts of the studies, we determined if the study was appropriate for retrieval. We then assessed the studies and identified those eligible for inclusion in the meta-analysis. The articles were divided into conventional PS and H-F PS prostheses groups. When two series involving the same prostheses from the same institution were available, the most recent article with the longest follow-up was used.
Methodological quality assessment
The methodological quality of each eligibility study was evaluated using a modified Coleman methodology score (modified CMS). The CMS was originally developed for grading clinical studies on patellar tendinopathy [23] . The subsections that make up the CMS are based on the subsections of the CONSORT statement (for randomised controlled trials) but are modified to allow for other trial designs [24] . Khanna et al. modified the CMS for a systematic review of minimally invasive surgery (MIS) TKAs. This is referred to as "modified CMS" [25] . This scoring system assesses methodology using ten criteria, giving a total score between 0 and 100. A score approaching 100 indicates that the study has a robust design and largely avoids chances, various biases, or confounding factors. A score greater than 85 is considered excellent; from 70 to 84 is good; from 69 to 50 is moderate; and less than 50 is considered poor [23] .
Data extraction
For each eligible study, we extracted relevant data about the conventional PS group and/or the H-F PS group. These included the study design (i.e., randomised control trial, prospective case control study, retrospective case control study or observational study), the country where the study was primarily conducted, the number of implanted knees and patients, the duration of final follow-up, the loss to final follow-up, the patient characteristics (i.e., age, gender, diagnosis), the implants used, mean preoperative flexion and postoperative flexion data at final follow up with standard deviations.
Statistical analysis
All of the mean flexion angles were extracted as continuous variables from the included studies. The absolute mean difference, variance and the associated 95% confidence intervals were calculated for all the included studies. A random-effects model was used to calculate the overall mean difference between the two treatments and its corresponding 95% confidence interval. A random-effects model was used to account for the heterogeneity among the included studies. Statistical heterogeneity was assessed by calculating a Cochrane Q. All conventional PS and H-F PS data were analysed first to examine the efficiency of conventional and H-F PS prostheses in improving the preoperative range of knee joint flexion. In the subgroup analysis, the patients were divided into a Western patient population and an Asian patient population. Meta analysis was performed using Review Manager software (version 5.0 for Windows, The Cochrane Collaboration, Oxford, England 2008).
Results
Literature description
A total of 1,229 articles were identified in the initial search, of which 926 articles were eliminated based on the title or abstract. In the remaining articles, 18 met our inclusion criteria for meta-analysis because they reported preoperative and post-operative range of flexion with standard deviation or standard error in fixed bearing PS prostheses [12-14, 16, 26-39] . These articles were published in English between 1992 and 2010.
Eight studies were prospective RCT [13, 27, 30-33, 35, 36] . Among them, four dealt with the comparison of PS TKA and cruciate retaining (CR) TKA [30, 31, 33, 35] ; two were the comparison of PS TKA with PS mobile-bearing TKA [27, 36] ; one was the comparison of PS TKA to H-F PS mobile-bearing TKA [32] ; and one was the comparison of PS TKA with H-F PS TKA [13] . Six of the 18 selected studies were case controlled studies that included the H-F PS TKAs [12, 14, 16, 28, 29, 37] . Among these, four dealt with comparison of standard PS TKA to H-F PS TKA [12, 14, 16, 29] ; one study was on the comparison of flexion contracture patients to the no-flexion contracture patients [28] and one study was on the comparison of MIS PS TKA to conventional TKA [37] .
Four of the 18 selected studies were observational studies [26, 34, 38] . Of these, two were the comparison of PS TKA and cruciate sacrificing TKA [26, 38] ; one was the comparison PS TKA and CR TKA [39] ; one study reported the outcome of H-F PS TKAs [34] .
Seven prosthesis designs were used in the conventional PS group (Insall-Burstein I, NexGen LPS, Apollo PS, PFC sigma PS, Genesis II PS, Kinemax PS, Scorpio PS) and two prosthesis designs (LPS-Flex, Genesis II PS High-Flex) were used in the H-F PS group. Five of the 18 studies were on Asian patient populations [12, 16, [35] [36] [37] and 13 studies were on Western patient populations [13, 14, 26-34, 36, 38, 39] . Details of the studies are shown in Table 1 .
Patient characteristics
These 18 studies included a total of 2,622 knees, of which 2,104 knees were implanted using conventional PS and 518 knees using H-F PS implants. Eight knees were lost to final follow-up for conventional PS and 16 knees for H-F PS implants. The mean age of the patients across these 18 studies was 68.7 years; 67.6% were females and 93.9% were osteoarthritis patients. The mean postoperative followup duration was 29.5 months. The patient characteristics across the studies are shown in Table 2 .
Methodological quality assessment
The mean CMS values calculated for the 18 studies were 63.5 (range, 33-86) ( Table 2 ). Quality scores were excellent in three, good in one, moderate in 11, and poor in three studies.
Meta-analysis
All 18 studies reported preoperative and postoperative knee flexion with standard deviation or standard error (Table 3) . For the studies that only reported standard errors, these values were converted to standard deviations by using the cohort size [38] . Ten studies indicated that the flexion was measured using a goniometer [12-14, 26-28, 30, 34, 35, 38] (Table 3) , while others did not specifically indicate the methods for flexion angle measurements.
The overall mean differences of pre-and post-operative flexion were 4.70°in the conventional PS group ( Fig. 1 ; p <0.0001, 95% CI 2.50-6.91), and 4.81°in the H-F PS group ( Fig. 2 ; p =0.0008, 95% CI 2.01-7.61). A negative overall mean difference indicates a larger post-operative flexion angle than pre-operative flexion angle.
In the Western patient population, the overall mean differences between pre-and post-operative flexion were 4.51°and 7.26°in the conventional PS group ( Fig. 3 ; P =0.0004, 95% CI 2.04-6.99 ) and H-F PS group ( Fig. 3 ; P <0.00001, 95% CI 4.39-10.14), respectively.
In the Asian patient population, the overall mean differences between pre-and post-operative flexion were 5.61°for the conventional PS patient group ( Fig. 4 ; P =0.07, 95% CI −0.56, 11.77) and 2.0°for the H-F PS patient group ( Fig. 4 ; P =0.43, 95% CI −2.97, 6.97).
Discussion
The use of H-F TKA implants has become popular due to the expectation of achieving higher flexion after TKA surgery, especially for younger patients who are eager to return to demanding activities [6, 40] . However, it is unclear if current H-F TKA designs can improve postoperative knee flexion when compared to the pre-operative knee flexion. The findings of this review demonstrated that the improvement of flexion from preoperative values after surgery was significant in both the conventional (in seven implants) and H-F (two implants) PS groups (4.70˚, P <0.0001 and 4.81˚, P =0.0008, respectively). In subgroup analysis, the Western patient population group showed a significant difference between the improvement in flexion post-surgery with standard PS and with H-F PS implants (4.51˚, P =0.0004 and 7.26˚,P <0.00001, respectively). In the Asian patient population group, no significant difference was noted in the improvement of knee flexion post-surgery between the conventional and H-F PS groups (5.61˚, p =0.07 and 2.0˚, p =0.43, respectively). The data analysis did not fully support our hypothesis that H-F knee implants would have a significant advantage over the conventional TKAs in terms of enhancing knee flexion in both Asian and Western patient populations.
In literature, there are conflicting data on the effectiveness of various TKA implants in providing high knee flexion following surgery. Among the nine studies that reported on the flexion or ROM of H-F PS and conventional PS TKA designs (Table 4) , four studies have shown a significantly improved flexion or ROM after use of a H-F PS TKA [16, [18] [19] [20] . Conversely, five studies found no significant differences in the range of motion or flexion between the H-F PS TKA and conventional PS TKAs [11] [12] [13] [14] [15] . Schurman et al. evaluated 358 consecutive total knee replacements using five PS prosthetic designs (I-B I, I-B II, Apollo, Performance, Ascent) [41] with at least one-year follow-up. Absolute flexion was improved from preoperative (110°) to postoperative (113°) (p =0.02). No difference was found in improvement of range of motion among these five prostheses. Two studies evaluated change of flexion with comparison of high-flexion implants to standard implants [12, 42] . Ng et al. reported that the standard group lost 0.5˚postoperative and the H-F group gained 2˚, but there were no significant differences between the two groups (p =0.201) [12] . Similarly, Ahmed et al. did not show significant differences between the two groups (1˚in standard group, 2˚in H-F group, P =0.416) [42] .
There were two systematic reviews that reported on comparison of conventional PS and H-F PS TKA implants. A meta-analysis performed by Gandhi et al. [22] concluded that H-F implant designs improve the overall ROM compared with traditional implants but offer no advantage in Knee Society score in primary TKAs. Murphy et al. performed a systematic review [21] focussing on outcomes after HF TKAs. They found that there was insufficient evidence to support that H-F TKA implants improved ROM or functional performance and the claims of greater flexion, ROM, and function for H-F TKA reported in some of those studies were not supported due to poor study designs, short follow-up periods, inadequate blinding, and use of functional outcome measures that lacked sensitivity. Direct comparison of conventional and H-F TKAs is difficult due to the variations in patient conditions, such as the pre-operative flexion angles [21] . Therefore, we compared the improvement of pre-operative flexion with the conventional and H-F PS TKAs. Our review showed significant improvement of knee flexion from pre-operative values with both the conventional PS TKA and H-F PS TKA, although the gain is less than 5˚in both groups. In general, the H-F PS implants showed no advantage in improvement of knee flexion compared to the conventional PS implants. Among the Western patient group, however, the H-S implants showed a slightly higher improvement (2.5˚on average) to pre-operative flexion compared to the conventional PS implants.
In Asia, daily activities are frequently carried out on the floor. Deep flexion of the knee joint is therefore very important in Asian countries, and is often necessary to perform routine activities such as kneeling, squatting and sitting with both legs crossed [3, 4] . One study on Asian patients showed an improvement in knee flexion using a high flexion design [19] . However, our review found no significant difference between the improvement of preoperative knee flexion with standard PS and H-F PS implants in the Asian population.
Another issue relates to concerns that efforts to increase maximum flexion may negatively impact implant life [43] [44] [45] [46] [47] . The smaller radii of curvature of H-F TKA implants found that deep-flexion activities generate one to 13 times larger net quadriceps moments (average five) than walking [44] . Furthermore, in posterior-stabilised designs, additional bone is removed from the intercondylar area to accommodate the increased box height [48] . High flexion may also be associated with TKA cam-post instability. Moynihan et al. studied the in vivo knee kinematics of six patients who achieved high flexion after seven LPS H-F TKAs using dual-plane fluoroscopy. They found that cam-post dis-engagement occurred at highflexion angles. At maximum flexion, five of the seven TKAs demonstrated cam-post disengagement and lateral femoral condylar liftoff [47] . Several studies have shown increasing contact stresses with increasing flexion and this could potentially lead to greater wear, increased patellar fracture or loosening and earlier failure of polyethylene inserts [44] [45] [46] . Ranawat et al. noted that shortening the posterior radius by removing more bone would result in instability and increased patellar and tibial stresses and revisions [43] . Han et al. reported a 38% prevalence of femoral component loosening in the LPS H-F TKA at a mean follow-up of 2.7 years in patients engaging in highflexion activities [45] . Therefore, with the limited gains of This study has several limitations. Radiographic measurement of the range of motion is considered to be the most accurate technique [49] , but, in clinical practice, most surgeons measured the range of motion using a goniometer. Nexgen LPS-Flex 35 (35) 104 (17) 106 (14) N/S N/S Nutton et al. [13] 2008 Scotland In the selected papers, the method of measurement of ROM was generally unclear and lacked uniformity. Ten of the studies indicated their means of measurement using a universal goniometer [12-14, 16, 26-28, 30, 34, 35, 38] and only six reported basic technical details [13, 14, 16, 26, 28, 33] . There were only four studies that reported a randomised controlled trial (RCT) comparing H-F PS and conventional PS TKAs [11, 13, 15, 20] . These RCTs usually have small sample sizes and only one study reported the preoperative and postoperative flexion with standard deviation to perform meta-analysis comparing the conventional and H-F designs. Our eligible studies included different study designs (i.e., randomised control trials, nonrandomised trials, observational studies) that reported the preoperative and postoperative flexion with standard deviation or standard error. These studies included various patient's characteristics, preoperative factors, surgical techniques, postoperative rehabilitation, and different fix-bearing PS designs. The conventional PS group included six designs and the H-F PS group included only two designs. We could not separate the meta-analysis for each manufacturer, because of small sample sizes for each implant design. In the future, if more studies are reported, a meta-analysis should be performed for individual implant designs. The minimal follow-up duration was over one year. It is possible that further changes might occur with longer follow-up. However, previous studies have reported that the ROM and flexion reach a plateau around one year after surgery, with few clinically significant changes with longer follow-up [3, 11, 50] .
Conclusion
In conclusion, our meta-analysis was able to demonstrate that the improvement of preoperative flexion post-surgery was significantly different in the conventional PS and H-F PS groups (4.70˚, P <0.0001 and 4.81˚, P =0.0008). No advantage of H-F PS TKAs was found in the improvement of knee flexion compared to the conventional PS implants. In subgroup analysis, the Western patient population group showed a significant difference in the improvement of knee flexion with the conventional PS and H-F PS groups (4.51˚, P =0.0004 and 7.26˚, P <0.00001). The H-F PS implants, on average, showed 3˚higher improvement in knee flexion compared to the conventional TKAs. Whereas in the Asian patient population group, no significant improvement to knee flexion was found between conventional and H-F PS implants (5.61˚, P =0.07 and 2.0˚, P =0.43). These results suggest that improvement of preoperative knee flexion after TKA using current H-F PS prostheses are similar to conventional PS prostheses.
